Background: Many HIV-infected infants and children die from HIV related causes without their HIV status being known or receiving HIV care. All HIV exposed infants should be tested by Dried Blood Spots (DBS)-PCR before or at 6 weeks of age. Testing is a crucial step to facilitate early access to antiretroviral treatment (ART). However, studies that assess the level of use and implementation of HIV DNA testing in Ethiopia are lacking. Objective: To investigate the rate of early infant diagnosis (EID), defined as having blood drawn for HIV DNA-PCR testing, and predictive factors of EID among infants born to HIV infected women. Method: A multicentre retrospective cohort study was conducted from April to June 2012 in three public hospitals and three health centers, in Northwest Ethiopia. Mother-infant pairs were followed from delivery until the time of the HIV diagnostic test. Data were captured using standardized forms. The time-to-diagnostic test was estimated using Kaplan-Meier estimators. Factors associated with EID were evaluated using logistic regression. Result: Of the 266 HIV-exposed infants identified from the health facilities, only 109 (41.0%) infants had early HIV DNA-PCR tests. The median age at the time of HIV diagnostic testing was 60 days (95% CI: 47 -73 days), and the median turnaround time between blood draw for DNA-PCR testing to delivery of a test result to the respective health facility was 36 days (95% CI: 33 -40 days). A total of 35 (13.2%) infants were diagnosed with HIV infection. The predictors of EID were the mother having prenatal care, maternal receipt of ART during pregnancy and place of birth. Conclusion: Three out of five HIV-infected women did not bring their infant for HIV testing during the recommended 6 week interval after birth. Special attention is required for infants born to HIV-infected women who did not
Background
Worldwide, over 2 million children are infected with HIV, 90% of whom live in sub-Saharan Africa [1] . In 2011, 92% of pregnant women were living with HIV resided in sub-Saharan Africa [2] . Many HIV-infected infants and children die from HIV related causes without HIV diagnosis or treatment. Without access to cotrimoxazole prophylaxis, antiretroviral therapy (ART) and supportive care, about a third of infants die in the first year of life and a half by 2 years of age [3] . World Health Organization (WHO) pediatric treatment guidelines recommend ART initiation for all HIV-infected infants under 24 months of age [1] . In order to facilitate ART initiation as soon as possible after HIV infection, the WHO recommends HIV diagnostic testing for all HIV-exposed infants (infants born to HIV-infected mothers) at 4 -6 weeks of age and to initiate therapy soon thereafter [4] [5] .
Globally, only 15% of HIV-exposed infants access early infant diagnosis (EID; i.e., within 45 days of birth) [6] . Studies showed that about 20% of HIV-positive infants die before six months and 35% to 40% die before 12 months [6] [7] . EID is a crucial step to facilitate access to ART, to improve infants' survival and to augment the benefit of PMTCT programmes [6] [7] . Early initiation of ART was associated with better treatment outcomes and increased survival of children born to HIV infected mothers [8] .
The WHO recommends that the HIV exposure status of infants be determined at the first contact with the health system, ideally before six weeks of age. All sites providing PMTCT and follow-up services for HIV-exposed infants must be able to collect samples for production of dried blood spots (DBS) for polymerase chain reaction (PCR) HIV DNA testing, even though the test will likely be processed elsewhere. Diagnosis of HIVinfected infants often occurs too late to allow early initiation of ART in many African countries [8] - [10] . The use of DBS test is one of the most effective strategies for increasing uptake of EID, as it enables sample collection and preparation in rural sites that do not have access to health facilities [11] .
Based on the single point estimate, Ethiopia has an estimated HIV prevalence of 2.4% with more than 1 million people living with HIV in 2010 [12] . The HIV prevalence among women aged 15 -49 is 1.9 percent and the prevalence increases with age to a peak of 3.7 percent at age 30 -34 [12] . HIV screening is routinely offered to all women seeking prenatal care, and those who are HIV infected are offered antiretroviral (ARV) prophylaxis when eligible by national guidelines [11] . Although Ethiopian government-sponsored programs are available to provide care for all women, less than 20% received PMTCT in 2010 [7] [13] . Multiple factors, i.e., not seeking health care and high rate of loss to follow-up, lead to low rates of initiating medication during pregnancy and taking ARV at the time of birth. These issues ultimately undermine the efficacy of PMTCT strategies [14] . According to one study in Ethiopia in 2010, only 48% of known HIV-exposed infants have received ARV prophylaxis at delivery, and the estimated ARV coverage (received the ARV treatment or prophylaxis) for HIV positive mothers and for their babies was found to be 11.6% and 8.4%, respectively [15] .
The other element of PMTCT programmes is the uptake and adherence or follow-up of exposed infants. The provision of EID was started in Ethiopia under the PMTCT programme by the Ministry of Health and partners. The service is offered at all district hospitals and health centers providing PMTCT services free of charge in more than 300 centers including, government Hospitals and health centers. Unfortunately, free services are available in private health facilities. A testing algorithm for infants under 18 months was developed and implemented by the Federal government based on the WHO recommendation. Accordingly, all HIV exposed infants should be tested by DBS at 6 weeks of age and a confirmatory antibody test at 18 months (if a previous antibody test was negative and continued breastfeeding including the provision of provision of cotrimoxazole prophylaxis, and HIV-specific counseling and support [11] [16] .
The Ethiopian 2007/8 National PMTCT Guidelines [11] described prophylaxis interventions including Single dose (Sd) NVP (2 mg/kg) + AZT (4 mg/kg Bid for 7 days) and Single dose (Sd) NVP (2 mg/kg) + AZT (4 mg/kg Bid) for four weeks, for HIV positive women who presented during pregnancy and presenting in labour who have not received any antenatal prophylaxis, respectively, and the best time to initiate ARV prophylaxis for the infant is immediately after delivery or within 12 hours if possible. In addition, cotrimoxazole (5 mg/kg daily) should be initiated at 4 weeks, HIV antibody testing at 9 months and at either 18 months of life or 2 months after cessation of breastfeeding.
The goal of EID is to identify HIV infected infants prior to the development of clinical disease to facilitate treatment and follow-up. For infants who are virologically negative, it provides an opportunity to plan and counsel on appropriate feeding to reduce the risk of infection whilst maintaining adequate nutrition. Throughout Africa, the diagnostic challenge of HIV exposure in infants is being addressed by scaling up virological testing using DBS for DNA-PCR [8] . However, despite this scale up, there are no studies defining the uptake and implementation in Ethiopia.
Methods

Study Design
This was a multicentre retrospective cohort study, which included 266 eligible mother-infant pairs. The study was supported by review of procedures at health facilities that provide PMTCT, infant diagnosis and clinical care and the regional central laboratory to identify the reasons for delay in DNA-PCR testing.
Study Setting
The study was conducted in Amhara region of Ethiopia in three government hospitals and three health centers: Metema Hospital, Gondar University Hospital, Debark Hospital, Woreta health center, Gondar health center and Addis Zemen health center. In this region, the estimated adult HIV prevalence is 2.2%. Only about 10% of deliveries occur in health facilities; 90% occur at home or non-health-related locations. The neonatal mortality rate was 54/1000 live births during the period of the study [12] . Metema and Debark hospitals are currently the only two district Public hospitals in the North Gondar regional area. On average, about 500 deliveries are performed in each hospital per year. Gondar University Hospital is the only referral and teaching hospital in the catchment area of North Gondar; it provides service for about 6 million people and has approximately 2000 deliveries every year. Each of the study health facilities provide full PMTCT services including blood collection for infant diagnosis and ART. All 6 health facilities send the blood samples to the Amhara regional laboratory for the HIV DNA-PCR. DBS samples are transported once weekly to the central laboratory.
Data Collection Procedure
The data collection forms were tested for reliability, content and ease of use on a pilot sample of data. Infant HIV testing status by DNA-PCR was determined by review of the maternity and EID service register at the health centers/clinics or hospitals. Abstracted chart data included: date of birth, place of birth, date of first exposed infant clinic visit, date of blood collection, number of days from blood collection to receipt by the central laboratory, time from laboratory receipt to delivery of results at the clinic and infant follow-up for recipient of test result.
At each health facility, charts from HIV-exposed infants were routinely segregated allowing for ease of identification of eligible candidates. All HIV-exposed infants, who had at least one postpartum health center or hospital visit for HIV DNA-PCR testing, were included in the study. The HIV-exposed infants who had no HIV DBS testing or did not have the result recorded were excluded. We also reviewed respective HIV-infected mothers' charts and abstracted relevant including: maternal socio-demographic, PMTCT interventions (including HAART and prophylaxis) including antenatal care, place of delivery, and maternal health conditions. On the exposed infant record sheet, both the DBS test and HIV antibody test results were recorded. HIV infection in this study was defined by either a positive HIV DNA-PCR test or a positive HIV antibody result recorded on the infant diagnosis chart. Note, Ethiopian national guidelines specify that infant HIV antibody testing should be done after 6 months of age, however, in some cases the data of antibody testing was not recorded in the database (all antibody tests were inferred to have been done according to guidelines). For some missing data in the health record, information was obtained during an in-depth interview (conducted by study personnel) using the case report forms. The interview was conducted at the time when women returned to the health facilities for a mother-to-mother support group (MSG) meeting.
Data abstraction was done by trained data collection assistants and the investigator. Data quality and completeness was checked for each data form. All mother/infant pairs were followed from the time of birth until the initial EID visit. Review of standard operating procedures at health facilities that provide PMTCT, infant diagnosis and clinical care and the regional central laboratory center was performed in order to identify the reasons for delay in DNA-PCR testing from the blood draw to the arrival of test result was done.
Ethics Statement
The study was reviewed and approved by the Ethical Review Board of the Institute of Public Health, at the University of Gondar for all the study ethical procedures. Permission was obtained from the medical director of each hospital and head of the health centers. Both written and verbal informed consent was obtained from the next of kin, caretakers, or guardians on behalf of the children enrolled in the study, and participants consent was documented on consent form attached with each questionnaire. Personal information remained confidential.
Data Analysis
Data was coded, entered, cleaned and analyzed using the SPSS version 20.0 statistical package. Continuous data are presented using medians and interquartile ranges while categorical data are presented in frequencies and percentages. Early Infant Diagnosis (EID) was defined as infant access to or enrollment into HIV DNA-PCR testing before or at 6 weeks of birth.
EID (dichotomized) was analyzed using logistic regression to explore potential risk factors for not achieving early diagnosis. The models were adjusted for potential predictors including demographics, maternal age, ART status, residence, place of birth and maternal health condition. All variables in the univariate analysis with P value of less than 0.2 were entered into multivariable logistic regression models. The odds ratio and 95% confidence intervals were also constructed along with their corresponding P values. The Kaplan-Meier method was used to estimate time-to-infant diagnostic test (i.e. time from birth to first enrollment for HIV DNA-PCR testing using DBS).
Results
A total of 266 mother-infant pairs were included in the analysis. The majority of women, 224 (84%), were from urban areas, 48% had no formal education and 24% were divorced. The mean age of the women was 28 years (standard deviation: 5 years). Forty percent were already on HAART at the time of birth, but 22% of the mothers were diagnoses with HIV at or after the time of labor (Table 1) . Overall, 82% of women who gave birth at home did not receive ARV prophylaxis at labor compared to 18% and 36% of women who gave birth at government and private clinics respectively (P value < 0.001). In addition, 80% of infants born at home did not receive ARV prophylaxis immediately at birth compared to 10% and 32% of infants born at government and private facilities (P value < 0.001).
Early Infant Diagnosis and Follow-Up
Of the 266 HIV-exposed infants identified from the 6 health facilities, only 109 (41%) successfully had blood taken for HIV DNA-PCR testing on or before 6 weeks after delivery. The mean age at infant diagnosis was 120 days (95% CI: 108 -133 days) (Figure 1) . The median turnaround time between blood draw for DNA-PCR testing to delivery of a test result to the respective health facility was 36 days (95% CI: 33 -40 days). A total of 35 (13.4%) infants were diagnosed HIV positive; 17(6.5%) were determined to be positive based on an HIV antibody test record. Thirty percent of women were lost to follow-up before they received their infant's HIV test results ( Table 2) .
Among the 109 infants who had the DBS test for HIV by 6 weeks, 77 (71%) were born at the government hospital. A total of 58 (54%) of the mothers whose infant achieved early diagnosis knew their HIV status prior to the current pregnancy and 83% were enrolled in the adult HIV clinic prior to delivery. In addition, out of those who accessed EID, 82.5% of infants were given ARV prophylaxis at birth and 75.2% of the women had received ARV prophylaxis during labor. Table 3 shows the analysis of predictors of achieving early infant diagnosis. From the univariate analysis, six variables were significantly associated with an increased odds of achieving EID: 1) mothers or 2) infants who received ARV prophylaxis during labor or at delivery, 3) women who had ANC, 4) women who received ARV intervention (HAART or prophylaxis) during pregnancy, 5) women gave birth at government facility and 6) women who received their HIV diagnosis before or during the current pregnancy. Other variables that were tested but found not to be significantly associated with EID in univariate analyses included: maternal age, residence, occupation, educational status, parity, maternal health condition and marital status.
Predictors of Accessing EID
The multivariate logistic regression analysis of factors associated with EID demonstrated that mothers who were on HAART or had received PMTCT prophylaxis during pregnancy were more likely to successfully complete EID compared to those without these factors (odds ratios 3.4 and 3.7 respectively). Compared to being born at home, infants delivered at a government facility were almost three times more likely to have early infant diagnosis (odds ratio: 3.0, 95% CI: 1.6 -5.5). Three significant variables from the univariate analysis were excluded due to multiple colinearity ( Table 3) .
The median time from birth to sample collection for HIV DNA-PCR (infant HIV diagnosis) was 60 days (95% CI: 47 -73); (Figure 1) . Since many women brought their infants in for testing at the customary post-natal visit, 6 weeks after birth, many visits occurred at 45 days. Women who received some form of ARV, either HAART or prophylaxis, brought their infants in for HIV-DNA PCR testing significantly earlier (median 45 days) than whose who received no form of ARV (median 150 days, P < 0.001; Figure 2) . Table 2 shows the median time to process the DBS samples and the laboratory tests.
Discussion
Our study highlights the problem of delayed initiation and completion of HIV testing for infants born to HIVinfected mothers in northern Ethiopia. In fact, the infants at highest risk for HIV transmission, defined by their mothers not receiving any form of ARV prevention or treatment during pregnancy, had the greatest time to collection of HIV DNA test specimens (Figure 2) . Several institutional and logistical challenges delay early HIV testing: the infant must be brought by a caregiver to a healthcare facility, the healthcare providers must offer DBS collection and the test should be performed without delays. [3] . Here, we describe the obstacles to achieving rapid HIV DNA-PCR testing for exposed infants, which is the first and essential step to enable the infected infants to receive life-saving ART care. We found both maternal and health system factors contributed to delaying the receipt of HIV test results: mothers/caregivers did not bring their exposed infant for testing at or before 6 weeks of birth and there was delays in sample collection, sample transport to the regional laboratory center, performance of the HIV test and return of the test result to the clinic and patient. All these factors would hinder enrollment of the infant into HIV care when needed. These delays are shown by Table 4 and Figure 3 .
Overall, only 41% of infants had samples collected for HIV DNA-PCR testing at or before 6 weeks of life, the benchmark for achieving EID. The median time between blood draw for DBS to result recipient by the respective health facility was 36 days (IQR: 25 -49 days). These findings are consistent with other studies from Kenya and Mozambique [8] [17] [18] but lower than study report from Cameroon and Malawi [9] [19] .
The dynamics between place of delivery and PMTCT interventions are major challenges to early infant diagnosis. Mothers who delivered at government health institutions had the highest rate of early HIV DNA-PCR testing compared to deliveries which took place at home. Most mothers who gave birth at home did not receive ARV prophylaxis during labor and the infants were not given ARV prophylaxis immediately on delivery. In addition, mothers who delivered at private health facilities were less likely to bring their infants for early HIV testing.
Thirty seven percent of women in this study failed to take any form of ARV to prevent HIV transmission to their infants and the lack of ARV use was associated with delays in bringing the infant for early HIV diagnosis. Thus, not only would there be greater chance for HIV transmission, but infected infants would not be recognized and treated early; the combination would ultimately result in greater infant HIV morbidity and mortality. Fortunately, educational status, residence and marital status did not remain statistically significant association with EID, but prenatal care improved rates of EID. These findings corroborates those studies from Mozambique [18] and Malawi [20] . This study is limited by the retrospective, chart review nature of the design. In addition, the diagnosis of HIV infection of the infants was based both on HIV DNA-PCR and HIV antibody tests as recorded in the infants chart. However we were not able to verify that the date of antibody test was more than six months after birth and had to presume that the infant HIV antibody tests were done according to guidelines. Despite the limitations, these results emphasize the importance of conducting future prospective studies.
Conclusions and Recommendation
Three of five HIV-infected women did not bring their children for early infant HIV diagnosis. In addition to delays in blood collection, infant HIV diagnosis was further delayed by sample transportation, processing and result delivery. Both patient and health service factors require attention.
The main factors associated with delay in early infant diagnosis were location of delivery as well as lack of prenatal care and maternal use of ARV intervention. The first step to rectify these problems would be to increase maternal HIV testing during pregnancy which would then enable referral to PMTCT programs. Special attention should be given to strengthen services for women who choose to deliver at home. The finding that rates of EID were lower in women delivering at private clinics was surprising and should be addressed by greater HIV training for health care providers both during their primary health educational programs and as part of ongoing postgraduate education. Our group has emphasized augmenting the HIV-specific content of the curricula of under- graduate and postgraduate training of medical and ancillary healthcare providers as part of our UCSD PEPFAR program, but clearly more work is needed. Further, integrated maternal HIV testing, maternal ARV access and infant prophylaxis with postpartum advice for infant testing would increase rates of early infant diagnosis. Medical records could be used to track lack of maternal follow-up in order to further reduce missing HIV diagnoses. Scheduling EID appointments to coincide with routine visits, i.e. first infant vaccination could eliminate the need for additional visits. In addition, reduction in test turnaround time, from sample collection, to laboratory, to the return of test results, is urgently required. Alternative methods to deliver test results to the clinic should be considered, such as use of email and telephone, instead of depending only on couriers.
